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Abstract: The CRISPR/Cas9 genome editing technique is a powerful tool for researchers. However, off-target
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guide RNA) with minimal off-target effects is very important. sgRNAcas9 is a software package, which can be used

to design sgRNA and to evaluate potential off-target cleavage sites. In this study, a graphical user interface for

sgRNAcas9 was developed using the Java programming language. In addition, off-target effect for sgRNAs was

evaluated according to mismatched number and “seed sequence” specification. Moreover, sgRNAcas9 software was

used to design 34 124 sgRNAs, which can target 4691 microRNA (miRNA) precursors from human, mouse, rat, pig,

and chicken. In particular, the off-target effect of a sgRNA targeting to human miR-206 precursor was analyzed, and

the on/off-target activity of this sgRNA was validated by T7E1 assay in vitro. Taken together, these data showed that

the interface can simplify the usage of the sgRNAcas9 program, which can be used to design sgRNAs for the majority
of miRNA precursors. We also found that the GC% of those sgRNAs ranged from 40% to 60%. In summary, the

sgRNAcas9 software can be easily used to design sgRNA with minimal off-target effects for any species. The soft-

ware can be downloaded from BiooTools website (http://www.biootools.com/).

Keywords: CRISPR/Cas9; sgRNAcas9 software; genome editing; miRNA; computer-aided design
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ISP CRISPR-P®”  CHOPCHOP"*  CRISPR-
direct!*”!
sgRNA Opti-
mized CRISPR Design 15
sgRNA CRISPR-P 33
sgRNA
CasOTP?  SSFinder®"!  sgRNAcas9!*?!
(command-line
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17~20 nt (2) sgRNA GC% Windows
3) DNA Perl  Java
DNA “4) 2 1.2 sgRNA
sgRNA sgRNA  “paired-gRNA”
“paired-gRNA” 2 sgRNA miRNA sgRNA
sgRNA miRNA miRBase V21.0 (http://www.
PAM “NGG”(N ATCG) sgRNA mirbase.org/) miRNA [23]
PAM “NGG” Perl
“NAG” 5 5 miRNA Ensembl (341
(ftp://ftp.ensembl.org/pub/
Perl release-80/fasta’homo_sapiens/dna/) sg-
RNAcas9 sgRNA
sgRNAcas9 Java > miRNA FASTA
sgRNA 20nt
sgRNA  GC% 20%~80%
sgRNAcas9 miRBase [33] sgRNA(Single sgRNA) DNA (Both DNA strand)
(http://www.mirbase.org/) miRNA
MiRNA sgRNA sgRNA 20nt GC% 20%~80% sgRNA
5 hsa-mir-206 sgRNA
miRNA sgRNA
hsa-miR-206 sgRNA > PAM "NGG”
T7EI sgRNA "NAG” sgRNA
sgRNAcas9 CTTTT” sgRNA
“CRISPR/Cas9 1.3
sgRNA ) hsa-mir-206 sgRNA
sgRNAcas9
( 20158R170234) (V3.0.5) sgRNA “sgRPrimer_
v2.0.pl” pGL3-U6-sgRNA Bsal
1 (New England Biolabs)
sgRNA (D pGL3-U6-
1.1 sgRNAcas9 sgRNA
sgRNAcas9 Perl (https://www.perl. 33] “extract_
org/) NetBeans IDE 8.0.2 targetSeq.pl” sgRNA
(https://netbeans.org/) “sgRNA- 500~700 bp Primer Pre-
cas9.pl” Java (https://java.com/zh CN/) mier 5.0 PCR (1
sgRNA
100 umol/L
2~4 Gb “hsa- mir-206_S 4-F” “hsa-mir-206_S 4-R” 1
uL 8 uL H,O PCR 95°C 5 min
sgRNAcas9 lh 2 ulL
4 GB “ ”? Bsal pGL3-U6-sgRNA T4 DNA
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=1 #E[EA hsa-mir-206 BI{R sgRNA A EMFT
$0 % Bt $R AL S 4G 5| 490

G (bp)
hsa-mir-206_S_4-F accgATGGAATGTAAGGAAGTGTG
hsa-mir-206_S_4-R aaacCACACTTCCTTACATTCCAT
On-target-F GAGTGGCTCTCTGCGTGAAT 602
On-target-R GCTTCCTTGGTGAGGGAGTC
OT-1-F TGGCAGTGAGGGAACATGAC 785
OT-1-R GGCACTTGGTGCTGGAAATG
OT-2-F TGTCACCCGACACAATGAGG 783
OT-2-R AGTGAGTTAGTGGACACCCA
OT-3-F GATCAGTGAGGGTTGGGCAT 643
OT-3-R TCCAGCCCCAACTTGGAATC
OT-4-F GCAGTAAAGGCAAGTGCTGT 701
OT-4-R TGTGCTGTCCTGATTGAGACC
OT-5-F AGGTCACCAGAGATCCCTTC 759
OT-5-R CACTTTTCTGCTCGGTCCCT
OT-6-F ACCTGTCTTGGAAGCTCAAGG 799
OT-6-R GGCCCTACATGTGGTGAAAG
OT-7-F CGCTGTGACTGAGGATGGAG 701
OT-7-R GCAAAAGGAAGCCATGGGAC
OT-8-F ATCTGGGGAGTGAGGATGGT 842
OT-8-R GAGCCATTCAGGCCAGCTTT
OT-9-F CTGAGCTTCAGACACCTCTCG 800
OT-9-R GCGTCTCACATTTGCACTCA
OT-10-F TCCTCTTATTGCGCCAAGGT 859
OT-10-R CCAACTCCCCACTTTACCCA
OT-11-F GAGCCTCTGGAGGCAGTAATC 701
OT-11-R GCACAGGCCTAGCATCTTTG
OT-12-F CTGGCAGCCTGGAAATTGGT 797
OT-12-R AACCTTCAGGGGATTGTGCT
OT-13-F CCTGAACCCAATTCCACACTC 932
OT-13-R CCTCCTAGTCCTCTGCACTC
U6seqF ACTATCATATGCTTACCGTAAC

hsa-mir-206_S 4-F/R sgRNA
Bsal On-target-F/R
OT-F/R UbseqF
( «C ) )16°C
1~2 pL DH5a
PCR
( ) “U6bseqF” (
1) “pGL3-U6-sgRNA-hsa-mir-
206_S 4» (Omega
Bio-Tek) sgRNA  Cas9

Cas9
pST1374-Cas9-ZF-NLS

[35]

1.4 HEK 293T

HEK 293T
10% DMEM(Invitrogen Life Science)
CO, 5% 37°C
Lipofectamine®2000
Life Science) 1
pST1374-Cas9-ZF-NLS Cas9
2 pST1374-Cas9-ZF-NLS
pGL3-U6-sgRNA-hsa-mir-206_S 4 sgRNA
Cas9 48 h
DNA ( (G )
DNA

(Invitrogen

1.5 PCR T7E1

1
DNA Tag DNA
( ( ) ) PCR PCR
95°C 5 min 94°C 30's, 60°C
30s 72°C 30s 30 PCR
( ( ) )
PCR NEBuffer 2
England Biolabs) PCR
95°C 5 min 95-85°C 2°C
85-25°C 0.1°c 4c B4 0.5 pL
T7E1(New England Biolabs) 37°C
PCR 15 min 2%

(New

TA (On-target-F/R)
PCR pMD18-T (

LB
PCR ( )

2

2.1 sgRNAcas9

sgRNAcas9 8


http://www.lifetechnologies.com/us/en/home/life-science/protein-expression-and-analysis/transfection-selection/lipofectamine-2000.html�
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Perl (2)GC (GC%) (MIN)
sgRNAcas9 sgRNA (MAX) 1 40%-~
NetBeans IDE 8.0.2 60% (3) DNA  (Select appropriate DNA
“sgRNAcas9.pl” Java strand(s)) A DNA
Windows (Senses DNA strand) B DNA (Anti-senses
1 DNA strand) C DNA (both DNA strands)
(Input) (Parameter settings)
(RUN  EXIT) «“ ?
(Target sequence) (Genome se- 5'—3'
quence) FASTA (4)sgRNA
« (choose)” (Type of gRNA) A sgRNA
FASTA DNA (single sgRNA) B Paired-gRNAs paired-gRNA
e ( ) Cas9 33] Fok 1 Cas9
( 1D) [36] Cas9 sgRNA
- DNA
) (5) paired-gRNA (Offset distance of paired-
“ 0D 6 gRNAs) 1 Cas9
(1 sgRNA DNA
(Select sgRNA length (17~20nt)) sgRNA sgRNA -2~32 bp Fok 1
17~20nt, 20nt Cas9 361 paired-gRNA
Input
Target sequences(FASTA: | “ ‘ ( choose |
|Genome sequence(FASTA) | | choose I
Parameter settings
|Select sgRNA length (17-20 n): | 20
|eco: | w40 MAX | B0
Select appropriate DNA strand(s): | [Sen <& DNA Strand
|Type of gRMNA: | [Single sgRMA
|Offset distance of Paired-gRNAS: | w2
|Maximum number of mismatches: | 5
l
All contents copyright @2015-2017 Huazhong Agricultural University.
website www.biootools com, Tech-Supportssxie@mail hzau.edu.cn
El1 sgRNAcas9 REMWERARAE
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« (Discard)” sgRNA sgRNA
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« (Repeat_
sites_or_bad)” sgRNA sgRNA
sgRNA
()
sgRNA
2) sgRNA
sgRNA
sgRNA
(2
sgRNAcas9 (vV2.0.6)
sgRNAcas9
20 9

“A.Sort_ OT_byID” “B.Sort POT_byID” “POT _
“CRISPR.targets_single.fa”

protospacer_pairs.xls”

seed.identity” “report_

“report_protospacer_single.txt”

“sgRNAcas9_report.xls”
sgRNA

“sgRNAcas9.report.xls”

“TargetSeq.fa”

2 sgRNA REXEIRFRSES XK

sgRNA
(Discard)
1
(High_risk) 1
2
(Moderate_risk) )
(Low_risk) 2
(Repeat_sites_or_bad)
2
(Best)
sgRNA sgRNAcas9
“report”
“logs” “sgRNAcas9.log”
sgRNAcas9
2.4 5 miRNA sgRNA
sgRNAcas9 miRBase
V21(http://www.mirbase.org/) (1881)
(1193) (495) (382) (740) 5
miRNA 13 355 7957 3931
3014 5867 sgRNA( 1)
miRNA sgRNA
1 sgRNA
miRNA (1798) (1115)
(486) (376) (725) 83
78 9 6 15
miRNA sgRNA 34124
sgRNA  GC%
sgRNA GC% 20%~75%
40%~60%( 2A) GC% 55% sgRNA
15.3% GC% 60%
sgRNA 14.9% GC% 50%
14.3%( 2A) miRNA
sgRNA
miRNA 7  sgRNA
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2 ¥0[5) 4691 /> miRNA B{&AY sgRNA 4
A 34124 4691  miRNA sgRNA  GC% B miRNA sgRNA
7.5% 8  sgRNA 20 ( )
(7.4%) 0.7% miRNA 6
1 sgRNA 0.2% miRNA 4 “1#” sgRNA
35  sgRNA ( 2B) 1
2.5 miR-206 sgRNA 10 (44 Z# 3 4 S#
GC6#”
( 4A)
sgRNAcas9 sgRNA mfold B7)(http://mfold.rna.albany.
hsa-mir-206 edu/?2q=mfold) (1#)
(86 bp) 11 sgRNA ( (6#) hsa-mir-206 (
2) miR-206 4B) “1#” 10 miR-206
“mir-206_S 4”  sgRNA miRNA
( 3A) T7E1 sgRNA Cas9 Gibbs (AG)
hsa-mir-206 ( 3B) —43.3 kcal/mol —24.6 kcal/mol
PCR pMD18-T miR-206 “o#”
Y
A B °
o/
éﬁ
o g
hsa-mir-206_S_4 NI
& ® & §
hsa-mir-206_S_2 hsa-mir-206_S_5 pp C O O
hsa-mir-206_S_1 hsa-mir-206_S_3 @aaﬁ
UGCUUCCCGAGGCCACAUGCUUCUUUAUAUCCCCAUAUGGAUUACUUUGCUAUGGAAUGUAAGGAAGUGUGUGGUUUCGGCAAGUG
hsa-mir-206 A 4 hsa'fm;;oi”‘z—l -
hsa-mir-206_A_5 Sa-Mir=20_A_ 1000 — s
ha-mir 206 A 6 hsa-mir-206_A_3 ;5)8 TSm0

3 ¥B@EA hsa-mir-206 BI{F sgRNA B & K HIE 3 E
A hsa-mir-206 sgRNA B T7El DL2000 DNA marker Cas9 pST1374-Cas9-ZF-NLS
Cas9+ hsa-mir-206_S 4 pST1374-Cas9-ZF-NLS pGL3-U6-sgRNA-hsa-mir-206_S 4 Control
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A
CCCATATGGATTACTTTGCTATGGAATGTAAGGAAGTGTGTGGTTTCGGCAAGTGCCTCCTCGCTGGCCCCAGGGTACCA (Wild type)
1# CCCATATGGACTACTTTGCTATGGAA——————— TGTGTGGTTTCGGCAAGTGCCTCCTCGCTGGCCCCAGGGTACCA (1 base mutation and 10 base deletion, 1/20)
2# CCCATATGGATCACTTTGCTATGGAATGTAAGGAAGTGTGTGGTTTCGGCAAGTGCCTCCTCGCTGGCCCCAGGGTACCA (1 base mutation, 1/20)
3# CCCATATGGATTACTTTGCTATGGAATGTAAGGAAGTGTGTGGTTTCGGCAAGTGCCTCCTCGCTAGCCCCAGGGTACCA (1 base mutation, 1/20)
4# CCCATATGGATTACTTTGCTATGGAATGTAAGGAAGTGTGTGGTTTCGGCAAGTGCCTCCTCGCTGGTCCCAGGGTACCA (1 base mutation, 1/20)
5# CCCATATGGATTACTTTGCTATGGGATGTAAGGAAGTGTGTGGTTTCGGCAAGTGCCTCCTCGCTGGCCCCAGGGTACCA (1 base mutation, 1/20)
6% CCCATATGGATTACTTTGCTATGGAATGTAAGGAAG\T\TGTGTGGTTTCGGCAAGTGCCTCCTCGCTGGCCCCAGGGTACCA (1 base insertion, 1/20)
B
Wild type, AG = —43.30 kcal/mol
10 20 30 40
ul ¢ cc UG UU
GCUU CCGAGGCCACAUGCUUCUUUAUAU CCAUA GA \
UGAA GGCUUUGGUGUGUGAAGGAAUGUA GGUAU UU A
G C A- CG UC
80 70 60 50
1#: 1 base mutation and 10 base deletion, AG = —24.60 kcal/mol
10 20 30
U c C  UUAUA—— | cc
GCUU CCGAGGCCACAUG UUCU ucc A
UGAA GGCUUUGGUGUGU AAGG AGG U
G C - UAUCGUUUCAUC™  UA
70 60 50 40
6#: 1 base insertion, AG = —43.30 kcal/mol
10 20 30 40
U ¢ cc UG UU
GCUU CCGAGGCCACAUGCUUCUUUAUAU CCAUA GA \
UGAA GGCUUUGGUGUGUGAAGGAAUGUA GGUAU UU A
G C A- CG UC
80 70 60 50
4 A4AEH hsa-mir-206 HIR 5] 2 BURE E 2T K 3 Z REEH T BRI
A 6 hsa-mir-206 B miRNA (mutation) (deletion)
(insertion) Wild type 1/20 20 1
miR-206 1237 2 2
22 3 376
miR-206 4 837
“5#” miR-206 sgRNA
miRNA 15
U3 AR hsa-mir-206 1 3 12
miRNA 2 5
2 sgRNA
sgRNAcas9 (Moderate_risk) 3
2.6 miR-206 sgRNA
13 ( 3) PCR
sgRNAcas9 “hsa-mir- T7E1
206 S 47 sgRNA 2 2
sgRNA 5 “OT-9” “OT-127 T7E1



10 : sgRNAcas9 1069
&3 @A miR-206 BIA sgRNA & 53 TN B9 Bt #8461 =2 & T7E1 B 136 iE
has-mir-206 (5'>3") DNA T7E1
On target ATGGAATGTAAGGAAGTGTG-TGG 6 52144349-52144434 4 Yes
OT-1 AAGGAAACTAAGGAAGTGTG-GGG 3 14 75929214 4 No
OT-2 GTGGTCACTAAGGAAGTGTG-TGG 5 1 226764668 - No
OT-3 CGGGAAGTTAAGGAAGTGTG-GGG 4 3 149989212 4 No
OT-4 AAATATTGTAAGGAAGTGTG-TGG 4 4 72188804 4 No
OT-5 ATAAAGTCTAAGGAAGTGTG-GGG 4 8 41007917 - No
OT-6 ATAGCATGGAGGGAAGTGTG-TGG 4 10 35268699 4 No
OT-7 ATGAAAAAAAAGGAAGTGTG-AGG 4 11 60713450 - No
OT-8 ATGGTCTGTAAATAAGTGTG-TAG 4 10 97968951 - No
OT-9 CTGGCATGTACGAAAGTGTG-GGG 4 12 15166238 - Yes
OT-10 ATTTATTGGAAGAAAGTGTG-TGG 5 10 113140506 4 No
OT-11 ATGTGATGGACAGAAGTGTG-TGG 5 11 119230605 4 No
OT-12 ATGGAATGGCAGGAAGAGTG-TGG 3 12 15347488 - Yes
OT-13 ATGGCAGGTAAGGAAGTGAG-GGG 3 13 28781365 - No
OT, off-target site
bp R O o) (1) 5
2) 3 PAM 12 bp
123(8), =‘ — — ngI\;Aca9
( 2
S TTE1 ESYISEI AR T OB 5 SERNA (Best)>
oT (off-target site) DL2000 DNA marker Control (Low_risk)> (Moderate _risk)> (High_
risk)> (Repeat_sites _or_bad)>
(5 (Discard) «“
“OT-12” 3 (Repeat_sites_or_bad)” sgRNA
“OT-9” 4 “OT-12” 3 sgRNA
“ (Best)”  sgRNA
3 sgRNA
CRISPR/Cas9 SgRNA
sgRNA
mRNA (ATG)
CRISPR/Cas9 100~200 bp sgRNA
miRNA RNA,
CRISPR/Cas9 PR
sgRNAcas9 CRISPR/Cas9 miRNA
[40,41]
sgRNAcas9 CRISPR/Cas9 miRNA-
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301a 4] miRNA 50~
180 bp miRNA
sgRNA sgRNAcas9
miRBase
4691 miRNA sgRNA
miRNA “N,o)NGG”
5 miRNA
sgRNA hsa-mir-8485 hsa-mir-718
hsa-mir-6870 miRNA
sgRNA miRNA
sgRNA miRNA
sgRNA miRNA
miRNA sgRNA
GC% 55%
(43] sgRNA GC%
40%~60% sgRNA  GC%
sgRNA
miRNA 7~8  sgRNA
1
35 sgRNA
miRNA
sgRNA miRNA sgRNA
35 sgRNA
hsa-mir-6753 164 bp 1
hsa-mir-18a 71 bp
5 miRNA 34124
sgRNA
sgRNA
sgRNAcas9 sgRNA
1 hsa-miR-206 sgRNA
sgRNA
miR-206
miRNA miRNA
miRNA
miRNA
miRNA
sgRNA
5 1000

13
« 3 2
( 3 4 )
6 (
3)
sgRNAcas9
sgRNAcas9
sgRNA
S0 Hk
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